ABSTRACT -Background -A multitude of endoscopic findings post-gastric bypass procedures have been previously reported in the literature, but to our knowledge, no present rules exist that could guide clinicians regarding which findings should be actively sought, once an initial finding is identified. Objective -To identify co-occurrence patterns among endoscopic findings of patients having undergone past gastric bypass procedure. Methods -Our registry involves all consecutive patients undergoing an upper endoscopic evaluation after a gastric bypass procedure. We collected information on the presence of the endoscopic findings in post-gastric bypass surgery patients. Co-occurrence evaluation involved the use of intersection, cluster and item factor analyses.
INTRODUCTION
Bariatric procedures have long been shown to decrease the morbidity associated with morbid obesity (16) , and also to prolong life (3, 15) . While its benefits largely outweighs its short and long-term complications (4, 6) , gastrointestinal symptoms have to be closely monitored on a regular basis, with endoscopy playing an important role in the screening for potential complications. Different endoscopic post-operative findings have been described in the literature, but to the best of our knowledge no previous studies have evaluated the most common patterns of finding co-occurrence. Such studies would provide guidance on what additional endoscopic findings to anticipate once a particular post-operative finding has been encountered.
A wide range of post-operative endoscopic findings have been reported in the literature. Apart
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from an anastomotic stricture noted to occur in approximately 52.6% of cases, the remaining occurs in two to ten percent of all patients, including marginal ulcers, unraveled, non-absorbable sutures causing obstruction in the functioning of the upper gastrointestinal tract, gastrogastric fistulae, band erosion, staple band dehiscence, stenosis, and hiatus hernia (8, 13, 21, 25, 26) . In this multitude of possible findings, a normal gastric endoscopy has been consistently reported as the most common post-operative endoscopic finding in these patients (8, 10, 14, 22) . Despite these findings, to our knowledge none of these previous studies has reported co-occurring patterns.
In face of this gap in the literature, the objective of this study was to conduct a co-occurrence analysis to investigate the most common finding associations in the endoscopic evaluation of post-gastric bypass surgery patients.
Participants
Inclusion criteria involved consecutive patients having previously undergone a gastric bypass procedure provided at the Kaiser Clinic and Hospital, and undergoing a diagnostic endoscopy secondary to a symptom. Patients below 18 years of age were excluded.
Variables
Our main variables of interest were age, gender, time since bypass procedure, body mass index at surgery (weight in kilogram over the square of height in meters), body mass index at the time of the endoscopy procedure, as well as those describing endoscopic findings: Presence of a gastric pouch, if this pouch exceeded four centimeters or was associated with any wall lesion, presence of an anastomosis, presence of a fistula connecting the gastric cavity to any other region, ring displacement, esophagitis, Helicobacter pylori, intruded suture, intruded rings, presence of a marginal ulcer, visible staples, dilation and any type of stenosis.
Statistical methods
Our exploratory analysis started by evaluating distributions, frequencies and percentages for each of the numeric and categorical variables. Categorical variables were evaluated for near-zero variation (12) . Crude intersection was evaluated for selected variables to investigate isolated and paired occurrences. Extensive graphical displays were used for both univariate analysis and bivariate associations, accompanied by broader tests such as Maximal Information Coefficient (20) and Nonnegative Matrix Factorization (17) algorithms for numeric variables. Missing data were explored using a combination of graphical displays involving univariate, bivariate and multivariate methods. Imputation was performed using a k-nearest neighbors algorithm (n = 5) (18) . We then performed an analysis using unsupervised trees of hierarchical clustering (9) to identify the most common associations and hierarchical patterns among counts of the following variables: pouch, anastomosis, fistula, intruded rings, esophagitis, pouch accompanied by a gastric lesion of any nature, intruded suture, ring slip, marginal ulcer, visible staples, dilation and stenosis. Isolated variables were also analyzed using item factor analysis, which allows for the latent variable patterns among dichotomous variables. All analyses were performed using the R language (19) and the following packages: ggplot2 (24) , rmarkdown (2) .
RESULTS

Participants
Most of our patients were females in their late 30s, with those having higher BMI being younger. The endoscopic exam occurred at an average of 3.6 years since the original bypass procedure, with patients having lost an average of 10 BMI points at that time. The most common finding was esophagitis, and the least common, an intruded ring. The greater time since bypass procedure as well as the presence of ring, gastric pouch dimensions and prevalence of pouch greater than 4 cm were significantly associated with high BMI (Table 1) .
When evaluating the crude intersection across endoscopic findings (Figure 1 ), we observed that most findings were isolated (straight line), the most intersecting findings including dilation and stenosis, followed by intruded sutures and esophagitis, both represented by the line with circles. As expected, esophagitis was not only the most common finding but also the most common finding associated with other findings.
When evaluating lesion co-occurrence, we observed two large clusters, one related to ring-related complications and another related to stenosis-related complications. Both were demonstrated by the tree branches as well as through the aggregated color patches. Ring-related findings involved ring displacement, ring slips, pouch-associated lesions, and any other complications associated with rings. The second cluster involved dilation and stenosis ( Figure 2 ).
Given that the previous analysis assumes a normal distribution, we sought to confirm this association through an item factor analysis, again obtaining a similar result in relation to the ring-related cluster, grouping, ring displacement, ring slips, intruded rings. A second group was found related to stenosis involving findings such as stenosis, dilation and marginal ulcer (Table 2) .
A graphical display of the factor analysis and a plot displaying factor analysis results are demonstrated on ( Figure 3 and 4) . (eight patients, 16%, including 2% with a marginal ulcer) (13) . A recent study presented stenosis as the main finding in 35.5% of patients, with marginal ulcer being the second most common finding (n=9) (7) . In another series associating symptoms to specific findings, reports included normal surgical anatomy (31.6%), anastomotic stricture (52.6%), marginal ulcer (15.8%), unraveled non-absorbable sutures causing functional obstruction (4%) and gastro-gastric fistula (2.6%) (10) . This series also reported an unusual finding involving a completely obstructed anastomotic stricture (10) . In one last case series, a group evaluating complications of various therapies noted stomal ulceration and stenosis in, respectively, 12.5% and 12% of 191 patients who underwent gastric bypass. Only 3% had both complications simultaneously (1) . The mechanism underlying the occurrence of these complications is poorly understood but has been posited to depend on physician skill (5) . The marginal ulcer is most probably related to the accumulation and non-use of acid gastric fluids after the surgical procedure. These findings are of clinical significance as a series associating symptoms with the previously mentioned findings has demonstrated that abdominal pain was the most common symptom (53%), being more frequent among patients with a normal endoscopy than among those with an abnormal endoscopy (P=0.04). Stomal stenosis was present in 39% of patients with nausea, vomiting, or dysphagia, while it was also not present in any patient without these symptoms (P=0.001) (10) . Although analyses involving the co-occurrence of patient factors in gastric bypass surgery is significant in providing specialists with a set of rules to actively search for additional findings, to our knowledge no previous study has evaluated co-occurrence patterns of endoscopic findings. Instead, cluster analysis have been used as a mechanism to evaluate factors associated with specific clinical outcomes. For example, a cluster analysis relating surgical skill and complications after bariatric surgery has found that greater surgical skill is frequently associated with better surgical outcomes (5) . In another study, obese patients without mental disorders were found to be associated with better outcomes than those with psychiatric disorders (11) . While both of these studies have had important clinical implications, we would argue that clustering methods should be more often used in the evaluation of the co-occurrence of symptoms and signs, as clusters can provide a set of rules of the type "if a given finding is encountered, then a second related finding should be actively searched."
Despite being the first study evaluating the co-occurrence of endoscopic findings, our study does have limitations. First, our data were collected as part of a registry, rather than as a specific study envisioning the present research question. However, since we follow a standard reporting protocol with pre-defined categories for all of our endoscopic reports, data entry error and bias should have been minimized. In addition, given that our protocol did not originally foresee a research study, we would argue that our results are more likely to represent a "real-world" practice. Second, among our analytical methods, we have made use of tests such as the
DISCUSSION
To the best of our knowledge, this is the first study evaluating co-occurrence patterns for long-term endoscopic findings in patients having undergone gastric bypass procedures. We found that findings tend to cluster across two large groups, the first associated with ring-related complications, and the second associated to stenosis-related complications. In addition, esophagitis was not only the most common isolated finding but, likely as a consequence, also the most common finding associated with other lesions.
Variable rates of endoscopic findings have been observed in different studies after bariatric surgery. In one series investigating ways of managing postoperative symptoms, the authors reported the following frequencies for different findings; normal post-surgical anatomy (43%), marginal ulcer (27%), stomal stenosis (19%, including 10% with a concomitant marginal ulcer), and staple-line dehiscence Pearson Correlation test where variables are assumed to be normally distributed, while our variables represented counts. Although this might appear as an assumption violation, our findings were consistent across all tests, ultimately validating the existence of two large clusters of endoscopic findings. Third, all exams were performed by a single specialist, our study not having a companion reliability validation. Fourth, our results are applicable as long as the patients are symptomatic, as this is one of our inclusion criterion. This study characteristic should be taken into account when attempting to introduce our findings into clinical practice.
In conclusion, our study has implications for future practice in that trainees and practitioners finding one of the components within a cluster should actively search for other components given their high association. Future studies should validate these findings across different clinical practices as well as with specialists at different expertise levels.
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